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An antiserum against guinea pig epidermal myosin 
was used for the localization of myosin in frozen sections 
of human epidermis and cultured human epidermal cells. 
The antiserum gave a single precipitin band with epider-
mal myosin but did not cross react with muscle myosin 
or epidermal keratin in immunodiffusion plates. Strong 
staining, in the indirect immunofluorescence technique, 
was observed in' cells of the lower layers of human and 
guinea pig epidermis. The antibody also reacted with 
myofibrils, intracellular filaments in cultured human ep-
idermal cells and fibers in 3T3, HeLa and PtK2 cells. 
Double . immunofluorescence staining using antisera 
against myosin and keratin revealed no obvious differ-
ences in staining patterns in filaments of cultured human 
epidermal cells. 
Movement is central to t he normal functioning of epidermis. 
In this tissue, cells fyom the basal layer move in an orderly 
sequence, differentiate and form a keratinize d stratum corneum 
layer wh ich serves as a protective barrier for the host. Proteins 
s u ch as actin and myosin, the major contractile elements of 
muscle, have been associated with various motile processes in 
nonmuscle cells [1-3). Although contractile proteins similar to 
actin have been identified in epidermal cells from various 
sources [4-10] the presence of myosin in these cells has only 
recently been demonstrated using biochemical techniques 
[11). Epidermal myosin was isolated and characterized both 
with respect to its ATPase activity and subunit composition. 
Its e nergy transducing characteristics raises the possibility that 
the myosin may be involved along with actin in epithelial cell 
migration [ll). 
It h as been shown that many cell types possess more than 
one identifiable class of intracellular filaments [12-14). In epi-
dermiS at least 2 types of filamentous proteins, myosin [ll] and 
the keratin [15-18), are known to be present and these have 
been s hown to be different in terms of t heir subunits, molecular 
size, and biochemical ch aracteristics [11, 15-18)' The present 
studies were designed to distinguish these 2 types of filaments 
by immunologic procedures. An antibody to epidermal myosin 
was used for the intracellular localization of myosin in human 
epidermis and in cultmed epidermal cells. 
MA TERIALS AND METHODS 
Guinea pigs (250-300 gm each) were purchased from Buckberg 
Animal Supplies a nd were used fo r preparation of epidermal myosin 
[11]. Human foreskin from newborns was used for frozen sections. 
Cultured human epidermal ce lls a nd other tissue culture ce lls used 
in the studies were supplied by 01'. T. -T . S un: Except for fIbroblasts a ll 
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ceLIs were grown in fortified Eagle's med ium supplemented with 20% 
fetal bovine serum (FCS) and hydrocort isone. Fibroblasts were grown 
in medium containing 20% FCS without hydrocortisone. Epidermal 
ceLIs were grown on a feeder layer of lethally- irradiated mouse 3T3 ce LIs 
(19). Cells were grown on 12-mm coverslips, rinsed briefly with isotonic 
phosphate buffer, tixed for 30 min at room temperature in buffer 
conta ining 3.7% formaldehyde and stored at 4°C in buffer containing 
0.1 % sodium azide and 0.01 % sodium thimerosol. 
Myofibrils prepal'ed from rabbit d iaphram were supplied by Dr. K . 
Mabuchi. Antibody to total human callus keratin raised in guinea pigs 
was obtained from Dr. Aida Vidrich . 
Isolation of Epidermal Myosin 
Myosin was isolated from guinea pig epidermis us ing techniques 
described earlier [11). Epidermal sheets from 20 animals were homog-
enized in buffer containing ATP. The actomyosin complex was precip-
itated from the soluble extract by 100 mM KCI and 2 mM MgCb. Myosin 
was dissociated from this complex with 0.6 M KI and fractionated by 
gel ftitration on an agarose column [11). The myosin was further 
pw-ified on 7.5 % sodium dodecylsulfate (SDS)-polyacrylamide slab gels. 
The band corresponding to the heavy chain of myosin was cut from the 
gels and used for ant ibody production. 
Preparation of Myosin Antibody 
The polyacrylamide gel containing the heavy chain of myosin was 
homogenized with 2 vol of phosphate-buffered saline (PBS) in a glass-
glass homogenizer and emulsified with an equal volume of complete 
Freund's adjuvan t. Approximately 600 Ilg of protein in 2 ml was injected 
intradermally into a white New Zealand rabbi t. The animal was boosted 
with antigen with 4 fortnightly injections and bled a week after each 
boosting. The blood was stored at 4°C overnight before the immuno-
globulin fractions were precipitated from the serum with 2 M ammo-
nium sulfate and subseq uently dialyzed at 4°C against pH 7.8 PBS and 
stored at -20°C. 
Double Diffusion Analysis 
The immunodiffusion medium was prepared by mixing 0.6% agarose, 
0.05 M vernol buffer, pH 8.2, 0.5 % triton 0.05% SDS a nd 0.02 % sodium 
azide. The medium was boiled and pow-ed onto 75 x 55 mm glass s lides 
and allowed to cool and solidify. The dishes were stored at 4°C. Three 
millimeter diameter wells were punched with a template resulting in a 
pattern of wells with center to center distances of 12 mm. After the 
wells were filled wi th the appropriate proteins, the plates were incu-
bated in a humid atmosphere at 21°C for 1 to 3 days. The plates were 
then dried at 50°C and the precipitin bands were stained with 0.1% 
Coomassie blue and destained with 25 % 2-propanol and 7% acetic acid 
[20). 
Immunofluorescent Staining 
The indirect immunofluorescence technique was used in staining 
cultured ceLIs and sections of human epidermis. 
For staining, the flxed cells on coverslips were drained but not dried. 
Antiserum was diluted 1:20 in PBS pH 7.5 and 20 III of diluted antiserum 
was placed on the coverslip and incubated for 1 hr at 37°C. The samples 
were washed in 3 changes of PBS, pH 9.5 as recommended by Bennett 
et aJ [21] for a total of 30 min and overla id with fluorescein-conjugated 
goat anti -rabbit IgG (Miles) at a dilution of 1:16 and incubated ani:! 
washed as before. After rinsing, samples were mounted in Gelvatol 
[22). 
For staining of epidermis, foreskin from newborn human or skin from 
young guinea pig was cut into 3 to 5 mm2 pieces, and embedded in Tec-
n medium a nd 4 /1 frozen sections were cut. Sections were a ir-dried on 
glass slides with a fan and stained as described above. 
The stained materials were viewed in a Zeiss universal microscope 
using epifluorescence illumination and an oil immersion objective at 
40x power. Photographs were taken with Kodak TriX pan fUm and 
developed in Diafine. 
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Double immunofluorescence was performed on human epidermal 
cells, propogated in culture. Coverslips containing fixed ce lls were fU'st 
incubated with the a ntibody to myosin, stained with fluorescein-con-
jugated goat anti-rabbit IgG, and examined. Cells were then washed 
and incubated with a n a ntibody to keratin in a 1:30 dilu t ion for 30 min, 
t h e incubation was followed by washing with 3 cha nges of PBS a nd 
s tained with 1:20 dilution rhoda mine-conjuga ted rabbit anti-guinea pig 
IgG (Cappel La boratories) for 30 min. The covers lips were washed with 
3 cha nges of PBS total ing 45-60 mins and mounted in Gelvato l. The 
cells were viewed in a n Ort hoplan microscope, equipped with HBO-lOO 
watt mercury vapor lamp, using e pitluorescence illumination, a 2KP490 
exciter and KP510 barrier filter for flu orescein, and KP520 exciter a nd 
KP570 barrier ti.lte r for rhodamine. 
RESULTS 
We have previously reported the isolation of myosin from 
guinea pig epidermis [11]. In that study epidermal myosin was 
characterized by polyacrylamide gel electrophoresis and was 
shown to consist of a polypeptide of 200,000 (heavy chain) and 
2 low molecular weight polypeptides of 16,500 and 13,000 (Fig 
lA). The band corresponding to the heavy chain was cut from 
t he gels and an antibody was ra ised to this protein for the 
fOllowing intracellular localization studies. 
Duchterlony Double Diffusion Analyses 
Figure IB shows the immunological relationsh ips among 
epidermal, skeletal or cardiac muscle myosin, epidermal kera-
tins and epidermal actin. The precipi t in lines were obtained 
w ith epidermal myosin heavy chains, but t he antiserum did not 
react with epidermal myosin light chains and skeletal or cardiac 
myosin. The antimyosin did not react with epidermal keratins 
or epidermal actin . In a sepru'ate analysis epidermal myosin 
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FIG l. A , SDS-polyacryla mide ge l elec trophoretogram (7.5%) of pu-
rified epidermal myosin Ell] by t he method of Weber a nd Osborn 
[ 30]. H C, indicates the heavy cha in (molecular we ight 200,000) of 
myos in. B, Double immunodiffusion (Ouchterlony) tests wi th a ntiepi-
dermal myosin heavy cha in (cen.ter wells, 5 mg/ ml) aga inst SDS-
s a mples (1-3 mg/ ml) of epiderma l myosin heavy cha in (c and n, 
s ke letal muscle myosin (a,b), epidermal myosin light chains (d,e), 
e piderma l actin (g,l) , epidermal ker.atin (h,i) a nd caJ'diac muscle myos in 
(j,h). The tests were carried out at 21 °C for 3 days in a humid chamber. 
C , Immunodiffus ion a na lysis with antiepidermal keratin aga inst epider-
m a l keratin (a) and epidermal myosin heavy cha in (b), Antiep ide rma l 
k e ra tin was applied in the cen.ter well (2.5 mg/ ml). 
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FIG 2. Sections of human epidermis stained with epidermal a nt i-
myosin heavy cha in (top) a nd control (bottom) stained with pre-im-
mune serum . S taining was done as described in Methods. SC, stratum 
corneum; d, dermis; a r row indicates dermal-epidermal junction; bar 
corresponds to 100 lun. 
Immunoflu.orescent Staining 
Sections of human epidermis stained with anti myosin show 
s trongest staining in the cells of the lower layers (Fig 2, l Op). 
Except for t he non pecific sta ining of stratum corneum, t he 
epidermal cells were not sta ined by the pre- immune serum (Fig 
2, bottom). The use of a pH 9.5 buffer, as recommended by 
Bennett et al [21 ] for redu cing ' nonspecific staining, had li ttle 
effect on the staining of stratum corneum. Sections of guinea 
pig skin stained similarly show strong fluorescence in the cells 
of lower layers of epidermi (Fig 3). 
Cultu.red cells: CultUJ'cd human epidermal cells stain in-
tensely with the guinea pig antinlyosin antibody (Fig 4A). The 
filam ents show strong staining which spreads th.roughout th e 
cytoplasm and into pseudopodia. The 3T3 fibroblasts, HeLa 
a nd PtK2 cells display fluorescent fib er patterns (Figs 4B-D ) 
similru' to t hose obtained by other workers [23-26]' Cells stained 
with pre- immune serum display no fluorescence. Human epi-
dermal cells grown in the presence of cytochalasin B do not 
show filam entous staining with ant imyosin . 
Myofibrils: Although t he epidermal a ntimyosin did not pro-
duce a precipitin reaction with skeletal myosin (Fig IB) , the 
a ntibody stained muscle myofibrils strongly (Fig 4E). 
Distribution of hera tin and myosin: Cultured human epider-
mal cells grown in the presence of 3T 3 fibroblasts, when stained 
with antimyosin (Fig 5A,C) a nd antikeratin (Fig 5B ,D ) in the 
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FI G 3. Indired immunofluorescence labeling for myos in in guinea 
pig skin . Staining /loureseenee observation were done as described in 
Methods. Bar, 50/lm . 
double immunofluorescence procedure, show strong staining of 
ftl aments which could not be distinguished under the limits of 
ligh t microscopy (Fig 5A and B, C and D) . The surrounding 
3T3 fibroblast cells, however, showed marked distinction be-
tween the staining pattern with the 2 antibod ies (Fig 5A,B). 
No staining of the fibroblasts was obtained when the cultuJ'es 
were incubated with antikeratin (Fig' 5B) [27], although with 
anti myosin t he cells display distinct f1uorescent fibers pattern 
(Fig 5A). Absorption of antimyosin with t he keratin proteins or 
a bsorption of anti keratin with ep idermal myosin produced no 
diminution in the staining and the patterns were similar to 
those obtained in Fig 5C and 5D. 
DISCUSSION 
The keratin filaments of epidermal cells aJ'e thought to serve 
as a cytoskeletal fTamework within the cell , while myosin ma-
ments in general are considered to be involved in fOJ:ce-gener-
ati ng functions in intracellular movement . Several studies have 
been carried out on the immunofluorescent staining of keratin 
fil aments in epidermis. This report. is among the few such 
studies in which an attempt has been made to localize myosin 
within the same t issue from which it has been obtained. 
In order to localize myosin we have raised an antibody against 
one of the purified subunits, the heavy chain, and therefore, 
the chances of obtaining antise rum against other cellular com-
ponents are minimal. The anti~erum produced against epider-
.mal myosin did not produce precipitin bands with cayd iac or 
skeletal muscle myosin in immunodiffusion plates, however, 
immunofluorescence data indicates strong staining of myofi-
brils. This observation may be attributed to the differences in 
sensitivity of the 2 techniques. Keratin proteins did not react 
with the anti myosin and antikeratin did not react with epider-
mal myosin. 
The antiepidermal myosin was characterized further by 
strong immunofluorescence staining of myofibrils .and staining 
of 3'1'3 fibroblasts, HeLa and PtK2 cells. Similar stress fiber 
patterns have been reported in cultured cells using antimyosin 
from a number of sources and in many cases staining of fibers 
has been shown to be discontinuous [23-26)' However, some 
reports indicate that antibodies made against myosin from one 
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source fail to cross react with myosin from another SOUl'ce . For 
example, it has been shown that the a ntibodies made against 
fibyoblast myosin a nd smooth muscle myosin failed to cross 
react with smooth muscle and fibroblast respectively [26). In 
staining pattern of human and guinea pig skin some staining of 
dermal components was observed a nd the dermal fibroblas t 
were less reactive. The reason for this is not clear, although 
numerous reports show the presence of myosin in tissue-culture 
fibroblasts. 
Utilizing the antiserum for indirect immunofluorescence, the 
cultured human epidermal cells display fluorescent mament 
patterns tilloughout the cytoplasm. In order to identify keratin 
and myosin filaments in a single cell 2 antibodies labeled with 
contrasting fluorochrom es were used. The double immunofluo-
rescence results using antimyosin and antikeratin fa iled to 
differentiate keratin and myosin staining of filaments of cul-
tured epidermal cells. The fib ers of 3T 3 fibrobl ast, used as 
feeder layer in growth of epidermal cells, however, stained 
strongly with antimyosin and did not stain with anti keratin. 
Although the data provide obvious differences in staining pat-
tern of 3T 3 fibroblast by the 2 antibodies, the data are more 
difficult to interpret for cultured epidermal cells since no ob-
vious differences, in staining by antimyosin OJ" antikeratin, have 
emerged. The possibility that the keratin and myosin filaments 
FIG 4. Fluorescence micrographs 01" cultured cells and myofibril s 
stained for myosin localization A , human epidermal cells; B, 3T3; C, 
H eLa; D, P tK2 cells; and E, myofibrils. The lengths correspond to 20 
/lm . 
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FIG 5. Double immunoflu orescent staining of cultu red human epidermal ce lls (e) with antimyosin (A,C) and antikera tin (B,D). The 3'1'3 
fibrob lasts (() (feeder ce lls) surround ing the epidermal ce lls showed filament staining with antimyosin (A) but not with antikeratin (B). The 
length of the betr corresponds to 20 fLm . 
are physically associated with each other in epidermal cells 
remains for (mther study. 
The filamentous structure in epidermis is characterized by a 
massive system of 7-10 nm filaments referred to as tonofila-
ments. These belong to a class of cytoplasmic constit uents 
s ummarized under the term intermediate size filam ents 
[4,12,13,28]. In addition, in a variety of t issues and cells 2 other 
fiber systems have been documented, microfilaments (5-6 nm) 
containing nonmuscle contractile proteins and microtubules 
(20-25 nm) contain tubulin as t he major structural proteins 
[29]. Although some information is available about the general 
distribution of tonofilamen t networks interest in theu' proper-
ties and chemical composition is comparatively r ecent [16-18]. 
In view of the fact that actin [6] and myosin filaments (Fig 4) 
have been ident ified in cuitUl'ed keratinocytes it is possible that 
more than one structUl'e has been included under the general 
category tonofilaments [6]. Although further probes are needed 
it is conceivable that the majority of filaments in epidermis 
acting as tensile elements serve a structural or protective func-
t ion and some move the cell through the epidermis by extending 
a nd adhering. 
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